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Summary 

The acoustic data generated from a far-field study 
of four rectangular nozzles with various throat aspect 
ratios are presented. One nozzle tested (throat as- 
pect ratio of 2.0) was designed for an exit Mach num- 
ber of 1.66 and the remaining three nozzles tested 
(throat aspect ratios of 3.7, 5.8, and 7.6) were de- 
signed for an exit Mach number of 1.35. Results in- 
clude plots of narrowband spectra and overall sound 
pressures. 

Introduction 

The impetus for studying rectangular nozzles is 
driven by the potential for improved fighter aircraft 
aerodynamic and propulsive performance by utiliz- 
ing this type of geometry for their engines’ exhaust 
ducts. Except for research (refs. 1 through 3) on res- 
onance phenomena of choked rectangular jets with 
aspect ratios greater than 5, the authors know of 
no previously published far-field acoustic data gath- 
ered under anechoic conditions for low-aspect-ratio 
rectangular nozzles designed to produce supersonic 
shock-free flows. 

The far-field acoustic properties of jets produced 
by four low-aspect-ratio (less than 10) rectangular 
| nozzles were studied at the Langley Research Center. 
Three of these nozzles were designed to produce iden- 
tical supersonic exit Mach numbers. The far-field 
acoustic data generated from studying the plumes of 
these nozzles under static (no external flow) condi- 
tions in an anechoic environment are presented in 
this report. 

The data are organized to (1) show the narrow- 
band spectra gathered by microphones at several spa- 
tial locations for various operating conditions and 
(2) show the directional properties of the overall 
sound pressures generated by the jet flows. 

Symbols 

A e nozzle exit area 

At nozzle throat area 

AR throat aspect ratio, w/ht 

h e nozzle height at exit, (A e /At)(w/ AR) 

ht nozzle height at throat 

nozzle design Mach number 

OASP overall sound pressure (root-mean- 

square pressure) 

p a ambient pressure 

p e static pressure at nozzle exit 


R radius from microphone arc to 

nozzle centerline at nozzle exit, 

3.66 m 

RH relative humidity 

SPL sound pressure level 

T a ambient temperature 

w nozzle internal duct width, 10.16 cm 

<j) azimuthal angle 

6 microphone angle relative to down- 

stream jet axis 

Experimental Details 

The far-field acoustic data were gathered in the 
Langley Anechoic Noise Facility (LANF)(ref. 4). 
This facility’s interior dimensions are 8.2 by 8.4 
by 7.5 m high from wedge tip to wedge tip. The 
LANF utilizes an air supply capable of supplying 
7.7 kg/s of continuous dry unheated air. Electron- 
ically controlled valves maintain nozzle pressure ra- 
tios to within 0.3 percent of the desired set point. 
Pressure transducers used in the system to control 
the flow were calibrated each day. 

Free field 1/4-inch microphones were positioned 
on a circular arc from 0 = 22.5° to 135° (with respect 
to the nozzle downstream jet axis, see left-hand side 
of fig. 1) at 7.5° increments. The radius from the 
microphone arc to the center of the nozzle exit was 
3.66 m. The outputs from the 16 microphones were 
multiplexed and then fed directly into a Fast Fourier 
Transform analyzer and digital voltmeter. The mul- 
tiplexers, analyzer, and voltmeter were computer in- 
terfaced to enable remote-controlled setup and data 
acquisition. Microphone calibrations were performed 
at the beginning of each week. Each nozzle being 
tested was positioned at various azimuthal angles, </>, 
with 0° being referenced to the large dimension of the 
nozzle. (Sec right-hand side of fig. 1.) A simple rota- 
tional device was used to accomplish the azimuthal 
settings. (See fig. 2.) Spectral data (analyzed to 
60 kHz with a filter bandwidth of 60 Hz) were col- 
lected for nine azimuthal angles at five different pres- 
sure ratios. Sound pressure data, processed by a dig- 
ital voltmeter, were obtained for the same 9 values of 
4> at 11 or 12 nozzle pressure ratios, dependent upon 
the particular nozzle tested. 

Four nozzles with throat aspect ratios of 2.0, 3.7, 
5.8, and 7.6 were tested. These nozzles are con- 
vergent divergent in a single plane utilizing wedge- 
shaped passages and having full sidewalls (i.e. , side- 
walls extending to the nozzle exit) as shown in fig- 
ure 3. (See ref. 5.) Table 1 provides salient features 
of the nozzle designs. 



Table 1. Geometry of Nozzles 


AR 

w, cm 

h( , cm 

AjAi 

K, cm 

Md 

2.0 

10.16 

5.080 

1.300 

6.604 

1.66 

3.7 

10.16 

2.746 

1.089 

2.990 

1.35 

5.8 

10.16 

1.752 

1.089 

1.908 

1.35 

7.6 

10.16 

1.337 

1.089 

1.456 

1.35 


Acoustic Results 

Narrowband spectra were gathered for 16 micro- 
phone 9 locations (22.5° to 135° in 7.5° increments), 
9 nozzle <p positions (0°, 15°, 30°, 45°, 60°, 75°, 
90°, 180°, and 270°), and 5 operating pressure ra- 
tiQ£»X/WPa = 0.6, 0.85, 1.0, 1.25, and 1.45 for the 
nozzle with AR = 2.0 and p e /p a — 0.65, 0.85, 1.0, 
1.25, and 1.45 for the nozzles with AR = 3.7, 5.8, and 
7.6); this yielded 720 spectra for each nozzle configu- 
ration. However to conserve space, only eight 9 loca- 
tions (30° to 135° in 15° increments) are presented 
in this report. Note that the pressure ratio p e /p a 
is inferred from the nozzle design Mach number and 
the operating supply pressure located in a plenum 
upstream of the nozzle. Figures 4 through 7 contain 
the spectra for the nozzles with aspect ratios of 2.0, 
3.7, 5.8, and 7.6, respectively. The spectra are pre- 
sented from 120 Hz to 20 kHz, a range where most of 
the useful acoustic information exists. All the spec- 
tral data from 0 to 60 kHz are being maintained in 
computer files. Spectral corrections for atmospheric 
absorption have not been made; however, the relative 
humidity and ambient temperature are included for 
each spectrum to enable such corrections if deemed 
necessary. 

Overall sound pressures are shown on directivity 
plots in figures 8 through 11 (again AR = 2.0, 
3.7, 5.8, and 7.6, respectively) for the coordinate <p, 
azimuthal angle. The run conditions for the data 
plotted coincide with the </> positions used to gather 
spectral data and ; elude 16 9 angles (22.5° to 135° 
in 7.5° increments), 12 pressure ratios for the nozzle 


with AR = 2.0 {pe/pa = 0.5, 0.6, 0.7, 0.8, 0.85, 0.9, 
1.0, 1.1, 1.2, 1.25, 1.35, and 1.45) and 11 pressure 
ratios for the nozzles with AR = 3.7, 5.8, and 7.6 
(. Pe/Pa = 0.65, 0.7, 0.8, 0.85, 0.9, 1.0, 1.1, 1.2, 1.25, 
1.35, and 1.45). Since a change in 4> involves a nozzle 
rotation, each directivity plot contains data taken 
over several days. 

Concluding Remarks 

Far-field acoustic data acquired at the Langley 
Research Center are presented for four rectangular 
nozzles having throat aspect ratios of 2.0, 3.7, 5.8, 
and 7.6. The first nozzle (aspect ratio 2.0) was de- 
signed to produce an exit Mach number of 1.66 and 
the latter three nozzles (aspect ratios of 3.7, 5.8, and 
7.6) were designed to produce an exit Mach number 
of 1.35. Narrowband spectra and overall sound pres- 
sures are given for numerous spatial locations and 
supersonic nozzle pressure ratios. 

NASA Langley Research Center 
Hampton, VA 23665-5225 
October 31, 1986 
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Figure 2. Device used to set azimuthal angle <j>. 
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Figure 4. Spectra for rectangular nozzle with throat aspect ratio of 2.0. 
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Figure 4. Continued 
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Figure 5. Continued. 
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Figure 5. Continued 
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Figure 6. Concluded 
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Figure 7. Spectra for rectangular nozzle with throat aspect ratio of 7.6. 
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Figure 7. Continued. 
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Figure 8. Directivity plots for rectangular nozzle with throat aspect ratio of 2.0. 
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Figure 8. Continued. 
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(c) Pe/Pa = 0.70. 
Figure 8. Continued. 
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Figure 8. Continued. 
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OASP,., go- = 24.7 Pa 
OASP, , 270 * “ 24.9 Pa 


B = 135.0° 

OASP ,.,8o* = 23.7 Po 
OASP, .270* “ 24.3 Po 


( e ) Pel Pa = 0 . 85 . 


Figure 8. Continued. 


46 



75 * 


90 “ 



75 * 


90 * 


75 * 



90* 


75 * 



8 = 22.5® 

OASPf-w 61.7 Po 
OASP^_270" = 85.6 Pa 


8 = 30.0® 

OASP^.,,*,. - 60.0 Pa 
OASP # ,270* = 82.1 Pa 


8 = 37.5® 

OASP # . 1B0 . » 47.7 Po 
OASP^_ 27 q* = 61.8 Pa 


8 = 45.0" 

GASP,., 8 Q. = 36.5 Pa 
OASP # _27 o- = 55.1 Pa 


8 = 52.5' 

OASP^. 180 * = 31.4 Po 
OASP^.270* = 47.9 Pa 


8 = 60.0® 

OASP^., 80 - - 27.2 Pa 
OASP #= 2 7 o* = 35.3 Pa 


8 = 67.5® 

OASP^iao* = 24.9 Pa 
QASP*_27 <j* = 34.1 Po 


8 = 75.0® 

OASP,_ 180 . = 23.0 Pa 
OASP^_270* “ 31.0 Pa 







OASP, Pascols 


OASP, Pascals 


8 = 82.5® 

OASP # _,ao- = 25.0 Pa 
OASP^_ 2 to» = 32.2 Pa 


8 = 90.0® 

OASP # . lao . = 24.8 Po 
OASP^_270* = 28.7 Po 


8 = 97.5° 

OASP # . lao . = 25.8 Pa 
OASP 27a* “ 28.8 Po 


8 = 105.0® 
OASP^_ 180 ' = 25.3 Po 
OASP ^270* = 25.5 Pa 


8 - 112.5® 
OASP^ 1bo . = 26.1 Pa 
OASP^»270* ~ 25.1 Pa 


8 = 120 . 0 ® 
OASP^_ iao * = 24.9 Po 
OASP^_270* = 22.3 Pa 


8 - 127.5® 

OASP 0 .) go* = 24.4 Pa 
OASP ^* 270 * = 22.4 Pa 


8 = 135.0® 
OASP # , 180 . = 23.4 Pa 
OASP 0 . 27 Q. = 22.3 Po 


(f) Pe/Pa = 0-90. 
Figure 8. Continued. 
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WVA \ 

OASP,-, ao* = 67.1 Po 



OASP ,- 270 * =102.1 Pa 
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— r 1 A — 1 o* 
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a - 3o.o° 

GASP ,- 18 o* = 67.3 Pa 

GASP *=270* = 95 9 Pa 


6 = 37.5° 

OASP # . 180 . ™ 54.6 Pa 
OASP f- 270 ' — 71.1 Pa 


B = 45.0° 

OASP ,.,80* = 40.9 Pa 
OASP ,- 270 * = 59.9 Pa 


a = 52.5“ 

OASP #=t80 - = 35.8 Pa 
OASP ,— 270 * = 50.4 Pa 


8 = 60.0“ 

QASP^,bo- = 29.0 Pa 
GASP 0=270* = 36.9 Pa 


a = 67.5° 

GASP 0 =iao* = 26.8 Pa 
OASP ,— 270 * = 34.9 Po 


a = 75.0“ 

OASP ,-iao* = 23.4 Pa 
OASP^_270* “ 31.0 Pa 


25 50 75)00 



50 75100 


75* 



50 75 100 


75* 



25 SO 75 100 



50 75100 


90* 


25 50 75 100 
OASP, Pascols 



OASP. Pascals 


■ 82.5* 

GASP,-, bo* - 25.6 Po 
OASP, - 270 * = 30.4 Pa 


a = 90.0° 

OASP,-,ao* = 24.6 Pa 
OASP,- 2 7 o - — 27.8 Pa 


8 = 97.5“ 

OASP # -,bo* = 25.2 Pa 
OASP ^- 270 * = 26.7 Pa 


a = io5.o“ 

GASP,,,,*- = 24.7 Pa 
OASP^_270* = 24.1 Po 


a * 112.5“ 

OASP,-, bo. = 23.7 Pa 
OASP ,- 270 * = 22.7 Pa 


8 = 120 . 0 “ 
OASP,-,^,- = 23.4 Po 
OASP, - 27 o* = 21.3 Po 


a = 127.5“ 

GASP, -iso* 22.6 Po 

GASP, _27o* = 20.7 Pa 


a = 135.0“ 

OASP ,_i 80 * = 21.1 Pa 
OASP ,— 270 * - 20.4 Pa 


(g) Pe/ Pa = 1-00. 
Figure 8. Continued. 



8 = 22.5° 

OASP,_,ao* = 78.7 Pa 
OASP ,= 270 * =114.5 Pa 



30 60 90 120 


8 = 82.5° 

OASP, =180* 

OASP ,.270* 



30 SO 90 120 


8 = 30.0* 

OASP so- = 76.6 Pa 
OASP # , 270 * =121.3 Pa 



30 60 90 120 


9 = 90.0° 
OASP 0-iao* 
OASP ,—270* 


90* 75 . 



30 60 90120 


8 = 37.5* 

OASP^ao* 555 66.0 Po 
OASP^«270* “ 85.6 Pa 


e = 45.0° 

OASP^ =iao - * 49.4 Pa 
OASP^»270* = 71.2 Pa 


90' 75 . 



30 63 90 120 


0 « 97.5° 

OASP f-100* 
OASP 0.270* 


8 = 105.0“ 
OASP ,_,80* 
OASP^=270* 


90* 7S . 



30 60 90120 


»J* 75* 



OASP. Pascals 


8 = 52.5“ 

OASP,., so* = 40.7 Pa 
OASP^*270* = 57.7 Pa 


8 = 60.0° 

OASP,., so* = 33.4 Pa 
OASP,.27o* = 42.7 Po 


8 = 67.5“ 

OASP,., bo- = 31.0 Pa 
OASP ,.270* = 40.7 Po 


8 = 75.0“ 

OASP, ., 80 * = 27.1 Pa 
OASP, .270* = -34.7 Pa 



OASP, Pascols 


8 = 112.5“ 
OASP,., bo- 
OASP, . 2 70* 


8 = 120 . 0 “ 
OASP, =,8o* 
OASP, .270* 


8 = 127.5* 

OASP,., bo* 
OASP, _2 70* 


8 m 135.0“ 
OASP,., ao* 
OASP ,.270* 


(h) Pe/Pa = 110. 
Figure 8. Continued. 
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23.9 Pa 
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»* 75* 



90" 75 . 







OASP. Pascals 



40 SO 120 160 


OASP,., go* = 82.6 Pa 
OASP^-270* ='33.5 Pa 


8 = 30.0° 

OASP,., go* = 90.5 Pa 
OASP,. 270* =137.3 Pa 


6 - 37.5° 

oasp *- 180- = 75.9 Pa 
OASP,. 27 o‘ = 97 .4 Pa 


8 = 45.0° 

OASP log. = 55.3 Pq 
OASP, .770* = 84.3 Po 


B = 52.5° 

OASP,., go* = 49.7 Pa 
OASP^„270* = 72.6 Pa 


8 = 60.0* 

OASP,., go* = 37.4 Pa 
OASP^_270* = 52.8 Pa 


8 = 67.5“ 

OASP,., go* = 36.2 Pa 
OASP, .770* = 50.0 Po 


a = 75.0° 

OASP | go* = 32.4 Pa 
OASP, -770* = 45.3 Pa 








OASP. Pascals 


OASP,., go* = 34.3 Po 
OASP, .770* — 44.7 Pa 


8 = 90.0“ 

OASP,., go* = 34.6 p a 
OASP ,.770* = 40.6 Po 


8 = 97.5” 

OASP go* = 35.2 Pa 
OASP ,.270* = 37.6 Pa 


8 = 105.0° 

°ASP # . I80 . =» 31.9 Pa 
OASP, .770* = 32.4 Pa 


8 = 112.5“ 

OASP 4= i so" = 32.2 Po 
OASP 0—270* = 31.9 Pa 


8 = 120 . 0 ” 

0ASP #=)8O . = 30.7 Pa 
OASP, .770* = 29.6 Pa 


8 = 127.5* 

OASP,., = 29.7 Po 
OASP,_270* = 28.8 Pa 


8 - 135.0” 

OASP,., go* = 28.3 Pa 
OASP, .2 7 o» = 27.8 Po 


0 ) Pe/Pa = 1-20. 
Figure 8. Continued. 
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6 = 22.5" 

OASP,_ 180 . = 93.0 Po 
OASP,„270“ —144.8 Po 


e = 3o.o° 

OASP^. 180 * — 94.6 Po 
OASP, ,270* —150.0 Pa 


6 = 37.5“ 

OASP,„ 180 * = 81.6 Pa 
OASP,„270* =106.8 Pa 


B - 45.0" 

OASP # , ibo . = 59.2 Po 
OASP,, 270 " " 95.0 Pa 


0 = 52.5“ 

OASP,„ iao * = 50.2 Pa 
OASP^*270“ = 80.5 Po 


90 * 75 * 



40 80 120160 



B = 82.5“ 

OASP^., 80 * = 39.5 Pa 
OASP # ,270* = 49.4 Pa 


B = 90.0° 

OASP^ibo* = 39.2 Po 
OASP ^= 270 * = 45.9 Pa 


B = 97.5“ 

OASP 6-'80* = 39.9 Pa 
OASP,„ 2 70* = 42.8 Po 


8 = 105.0“ 

OASP,_ 180 * = 37.1 Pa 
OASP, ,270* ~ 37.9 Po 


6 = 112.5“ 
OASP,„tBO* = 36.9 Pa 
OASP, , 270 * - 35.5 Pa 


90 * 75 * 



OASP, Pascals 


B = 60.0" 

OASP,,igo* = 42.5 Pa 
OASP ,, 770 * = 58.6 Pa 


6 = 67.5° 

OASP, ., 80 * = 39.1 Po 
OASP,_27o* = 56.0 Pa 


B = 75.0“ 

OASP mo* = 36.5 Pa 
OASP, , 270 * = 51.1 Po 




90* 75* 



e = 120 . 0 " 

OASP 6- 180* = 35.1 Pa 
OASP,„270* — 32.0 Pa 


6 = 127.5“ 

OASP, *i 8 o* = 34.5 Pa 
OASP, * 270 * = 32.0 Pa 


8 = 135.0* 

OASP,„, 8 o* = 32.9 Pa 
OASP ,« 270 ‘ = 32.1 Po 


(j) Pe/Pa = 1-25. 
Figure 8. Continued. 
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SO' 


90* 75 ' 




33* 75* 



33* 75* 





OASP, Poscols 


8 = 22.5* 

OASP # _iao* =104.9 Pa 
OASP #= 2 70 * =172.0 Pa 


8 = 30.0“ 

OASP^., 80 - = 98.3 Pa 
OASP, =270 . =176.6 Pa 


8 = 37.5“ 

OASP # _ i80 . = 87.3 Pa 
OASP ^- 270 * =1 18.7 Pa 


8 = 45.0“ 

0ASP^ =18 q« = 68.2 Pa 
OASP^_ 27 q* =108.1 Pa 


6 = 52.5” 

0 ASP 4-180* = 59.0 Pa 
OASP 70* — 93.4 Pa 


8 = 60.0“ 

OASP^_|go* “ 48.0 Pa 
OASP^*270* = 67.8 Pa 


8 = 67.5“ 

OASP^_)go» = 46.0 Pa 
OASP^_ 2 7 o» ~ 67.0 Pa 


8 = 75.0“ 

OAS p 4-180* = 42.0 Pa 
OASP^.270' = 60.1 Pa 



50 100150200 
90* 75* 



SO 100150200 
90* 75* 

60* 



50 100150200 
90* 75* 




50 100150200 
90* 75 . 



50 100150200 
90* 75* 




8 = 82.5“ 

OASP # -,80* - 45.6 Po 
OASP 0 - 270 * = 59.3 Pa 


8 = 90.0“ 

OASP 0 ,, go* = 46.2 Pa 
OASP 0 — 270 * - 54.7 Pa 


8 = 97.5“ 

OASP 0 = ,aQ. = 45.9 Po 
OASP 0 - 270 * = 51.4 Pa 


8 = 105.0" 
OASP 0 „ 8O . = 44.6 Pa 
OASP 0 = 27 o* = 44.1 Po 


8 = 112.5“ 
OASP 0 _ )ao . = 43.6 Pa 
OASP 0 - 270 * = 41.3 Pa 


8 = 120 . 0 “ 
OASP 0 s . ) 8 o» = 42.0 Pa 
OASP 0—270* ~ 40.1 Pa 


8 = 127.5° 
OASP 0 =lao * = 39.9 Po 
OASP 0 - 270 * = 39.4 Pa 


8 = 135.0“ 

OASP 0 — 180 * = 38.4 Pa 
OASP 0 _ 27 o* = 36.7 Pa 


( k ) Pe/Pa = 1 - 35 . 
Figure 8. Continued. 
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90' 


75' 


90* 


75' 



90’ 75* 




90* 75* 



OASP, Pascals 


0 = 22.5" 

OASP go* =1 14.6 Pa 
OASP 4 * 270 * —197.0 Pa 


6 = 30.0° 

OASP ,_igo* =110.1 Pa 
OASP 4-270* =189.7 Pa 


$ = 37.5“ 

OASP # „ 180 . = 97.0 Pa 
OASP 0 = 270 * =131.1 Pa 


0 = 45.0° 

OASP | go* = 75.3 Pa 
OASP #=270 - =121.1 Po 


B = 52.5“ 

OASP,_ 1B o* = 65.2 Pa 
OASP^_270* =1 1+.3 Po 


0 = 60.0“ 

OASP,,, go* = 54.8 Pa 
OASP,, 270 * = 79.1 Pa 


0 = 67.5“ 

OASP,., go* = 53.9 Pa 
OASP,« 2 7o* = 76.7 Pa 


0 = 75.0° 

°ASP # ,,8o- = 49.9 Pa 
0ASP,, 27 q* = 69.0 Pa 



90* 75* 




50 100150200 


90* 75 . 



90* 75* 



0 = 82.5“ 

OASP,,, go* = 52.6 Po 
OASP,„ 2 70* = 66.8 Pa 


0 = 90.0° 

OASP,,, go* = 51.5 Pa 
OASP,_ 27 o* = 63.0 Pa 


0 = 97.5“ 

OASP,,, go* = 54.4 Pa 
OASP,, 27 o* - 57.9 Po 


0 = 105.0“ 

OASP,. , go* = 51.6 Pa 
OASP ,. 2 7 o* = 51.1 Pa 


0 = 112.5“ 

OASP, », go* = 49.4 Pa 
OASP,_270* = 47.7 Pa 


0 = 120 . 0 “ 

OASP, ,, 80 * = 44.5 Pa 
OASP ,.270* = 43.1 Pa 


0 = 127.5° 

OASP,,, go* = 45.6 Pa 
OASP, .270* = 42.6 Pa 


0 = 135.0“ 

OASP, go* = 42.4 Pa 
OASP ,= 270 * = 42.5 Po 


(1) Pe/Pa = 1 - 45 . 


Figure 8. Concluded. 
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flO- 75 . 



OASP, Pascals 


OASP # , 180 . = 5.9 Pa 
OASP,_ 27 o* = 5.9 Pa 


8 = 30.0° 

OASP 8 - 1 bo* = 5.2 Pa 
OASP^_270* = 5.2 Pa 


0 = 37.5° 

°ASP*=. 180* = 5.0 Pa 
OASP 8 - 270 * ” 4.5 Pa 


8 = 45.0° 

OASP^., 80 - = 4.5 Pa 
OASP^_270* “ 3.8 Pa 


8 = 52.5” 

OASP # , 180 . = 3.8 Pa 
OASP^-270* = 3-2 Pa 


8 = 60.0° 

OASP^ao* = 2.8 Pa 
OASP 4-Z70* = 2.5 Pa 


0 = 67.5° 

OASP 8- )80' ~ 2.6 Pa 
OASP 8-270* ~ 2.5 Pa 


8 = 75.0° 

OASP^.iao* = 2.2 Pa 
OASP *.270" = 2.3 Pa 





I 2 3 4 5 6 
OASP, Poscols 


OASP 4-160* = 2.1 Pa 
OASP #-270* = 2.3 Pa 


8 = 90.0° 

OASP 8= iso* = 2.0 Pa 
OASP # _ 27 o. = 2.1 Pa 


8 - 97.5° 

OASP^_|8o* = 1.9 Po 
OASP 8-270- = 2.1 Pa 


e = 105.0° 

OASP 8-i 80 * - 1.7 Pa 
OASP 8-270* ** 1 .9 Pa 


B = 1 12.5° 
OASP 8 - 1 B 0 * “ 1.6 Pa 

OASP 8 - 270 * = 1.7 Pa 


e = 120.0° 

OASP 8= i bo" = 1.5 Pa 
OASP 8^270* = 1-7 Pa 


8 = 127.5° 

OASP 8—180” ~ 1.6 Po 
OASP8-270°= 1-7 Pa 


8 = 135.0° 

OASP 8 -, 80 * = 1.5 Po 
OASP 8-270* — 1*5 Pa 


(a) Pe/Pa = 0.65. 

Figure 9. Directivity plots for rectangular nozzle with throat aspect ratio of 3.7. 



90* 75- 






8 = 22.5° 

OASP^.iao- = 7.6 Pa 
OASP # _ 270 - = 7.5 Pa 


8 = 30.0" 

0ASP^_ ]ho * ~ 7.1 Pa 
OASP # _270- = 7.0 Pa 


e = 37.5" 

OASP^. 180 - = 6.7 Pa 
0A5P^_27 q- = 5.8 Pa 


8 = 45.0° 

0ASP^ 180 . = 6.1 Pa 
OASP^,270* = 4.9 Pa 


8 = 52.5° 

OASP # . )80 . = 4.9 Pa 
OASP^_ 270 - = 4.2 Pa 


8 = 60.0" 

OASP^_i8o- — 3.7 Pa 
OASP^_270* = 3.2 Pa 


8 = 67.5“ 

OASP # »,bo* 3.1 Pa 
OASP^_27 o- — 3.1 Pa 


8 = 75.0° 

OASP^ibo* = 2.7 Pa 
OASP^- 270 * “ 7.7 Pa 


90- 75 . 




60* 





2 4 6 8 10 
OASP. Pascals 


8 = 82.5" 
OASP^.mo- = 
0ASP^_270* = 


8 = 90.0“ 

OASP lao* = 

OASP f=2 70* = 


8 = 97.5" 
OASP^-igo- =* 
OASP^»270- = 


8 = 105.0” 
OASP^-ieo- = 
OASP 270* = 


8 = 112.5" 
OASP^.,80- 
OASP^„270* 


8 = 120 . 0 ” 
OASP^.ibo- 
OASP^_270* 


8 = 127.5" 
OASP^.,80- 

OASP^.270* 


8 = 135.0" 
OASP ^-180* 
OASP 270* 


2.8 Pa 
2.8 Pa 


3.2 Po 
2.6 Pa 


3.2 Pa 
2.6 Po 


2.5 Po 
2.5 Pa 


2.3 Pa 

2.4 Po 


2.3 Po 
2.5 Pa 


2.4 Po 
2.4 Po 


2.4 Pa 
2.4 Pa 


(b) p e /pa = 0.70. 
Figure 9. Continued. 
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OASP^_270* 


13.0 Pa 
15.5 Pa 


OASP^ = iao* 

OASP^.270‘ 


13.9 Pa 
15.4 Pa 



5 10 15 20 25 



= 82.5 

OASP^.,80* = 19.0 Pa 
OASP^*270* = 6.6 Pq 


0 = 90.0° 

0ASP^» jqo* “ 13.8 Po 
OASPabJtd* = 6.3 Pa 


5 10 15 20 25 


5 10 15 20 25 



5 10 15 20 25 


OASP 0=if)o* : 
OASP^_270* : 


13.9 Pa 
14.1 Pa 



5 10 15 20 25 


= 97.5° 


OASP^mioq* = 13.5 Po 



5 10 15 20 25 



e = 45.0° 
OASP go” ; 

OASP ^-270* 


OASP ^ l 80* 
OASP^_270* 


14.0 Po 
9.1 Pa 



5 10 15 20 25 


90* 75 - 


5 10 15 20 25 



e = 105.0° 

OASP^ibq* — 1 1 .3 Pa 
OASP^_,270* “ 6.0 Po 


8 = 112.5° 

OASP = 9.2 Pa 
OASP^-270* = 6.6 Pa 


5 To 15 20 25 



5 10 15 20 25 


OASP lao" 
OASP^_270* 


Co\' 


5 10 15 20 25 


8 = 120 . 0 ° 
OASP #=180 * = 7.6 Pa 
OASP ^ : -27o* = 5.7 Pa 



8 = 67.5° 
OASP eo* 
OASP ^.270* 



8 = 127.5° 

OASP ^=i8o* = 9.3 Pa 
OASP ^*2 70" = 6.5 Po 


5 10 15 20 25 


5 10 15 20 25 


5 10 15 20 25 
OASP. Pascals 


OASP 0-180* 
OASP 270* 


r = 16.8 Pa 



5 10 15 20 25 
OASP, Pascols 


(c) p e /p a = 0.80. 
Figure 9. Continued. 
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5 10 15 20 25 


8 = 22.5° 

OASP, =180 . = 15.0 Pa 
0ASP^_27 q* = 18.1 Po 


e = 30.0° 

OASP ,« ,80* = 16.1 Po 
OASP # _270* = 18.4 Po 


8 * 37.5° 

OASP,_ 180 . = 16.9 Po 
OASP ,.270* — 17.4 Pa 


9 « 45.0° 

OASP ao- = 19.1 Pa 
OASP0_ 2 7 o* = 14.5 Po 


8 = 52.5° 

OASP0 mJao - = 20.5 Pa 
OASP 0*770* = 11.6 Po 


e = 60 .o° 

OASP,., so- = 17.9 Pa 
OASP,. 270’ = 8.6 Po 


9 = 67.5° 

OASP,_ 180 . = 19.1 Po 
OASP ,,270* = 8.0 Pa 


90 * 75 . 




90 * 75 * 




90 * 75 * 




9 = 82.5° 

OASP 0_, 80* = 19.0 Pa 
OASP 0-270* ~ 7.8 Pa 


9 = 90.0° 

OASp 0 _iao* = 15.8 Pa 
OASP 0,270* — 7.3 Po 


8 = 97.5° 

OASP0_i8o* * 13.0 Pa 
OASP0=27 o* = 7.0 Pa 


8 = 105.0° 

OASP0.18O* — 10.6 Pa 
OASP 0,270* = 6.9 Pa 


8 = 112.5° 

OASP 0. , 80* — 8.1 Po 
OASP 0=270* = 9.2 Pa 


8 = 120 . 0 ° 

OASP0_,8 o' = 12.3 Po 
OASP0.27Q* — 6.0 Po 


8 = 127.5° 

°A Sf Viao* = 15.9 Po 
OASP 0,270* = 8.0 Po 



5 10 15 20 25 
OASP, Pascals 


8 = 75.0° 

OASP0 = ,8O* ~ 19.8 Pa 
OASP 0.270* = 7.4 Po 


» 0 * 75 * 



8 = 135.0' 

OASP 0 = ,qo* — 15.8 Pa 
OASP 0=270* ~ 5.4 Pa 


(d) Pe/Pa = 0.85. 
Figure 9. Continued. 
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OASP,-, go* = 17.0 Pa 
OASP, .270* ” 18.7 Pa 


8 = 30.0° 

OASP,., go* = 18.4 Pa 
OASP,_ 270 * = 19.7 Po 


8 = 37.5° 

OASP, =180 * = 17.9 Pa 
OASP^.270. = 18.2 Pa 


8 = 45.0° 

OASP, go. - 18.2 Pa 
OASP,_270* ~ 1 5.3 Pa 


8 m 52.5° 

OASP, = iao* = 16.1 Pa 
°ASP ,_27o* = 11.2 Pa 


8 = 60.0° 

OASP^ijq* = 13.4 Po 
OASP ,=. 2 70 " — 8.2 Pa 


8 = 67.5’ 

OASP, .iso* = 13.2 Pa 
OASP,. 270 . = 7.8 Pa 


8 = 75.0' 

OASP,., go* = 12.5 Pa 
OASP ,=270* = 2.0 Pa 
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OASP, go* 
OASP,_270* 


8 = 90.0° 
OASP,., no- 
OASP ,.270* 


8 = 97.5° 
OASP ,.,80* 
OASP,. 270* 


8 = 105.0° 
OASP, .,80* 
OASP, . 2 70* 


8 = 112.5’ 
OASP^.bo- 
OASP ,—270* 


8 ^ 120 . 0 ° 
OASP ,., 80 * = 
OASP ,. 2 70* = 


8 = 127.5° 

OASP,., go* = 
°ASP,»27o* = 


8 = 135.0° 
OASP,., bo* = 
OASP ,.270* = 


13.6 Po 
7.8 Pa 


11.1 Po 
7.2 Pa 


8.9 Pa 
7.2 Po 


8.8 Pa 
6.7 Pa 


7.8 Pa 
6.1 Pa 


9.7 Pa 
6.6 Pa 


11.4 Pa 
6.2 Pa 


12.2 Pa 
5.5 Pa 


(e) Pe/ Pa = 0.90. 
Figure 9. Continued. 
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OASP, Poscols 


6 = 22.5° 

OASP^_,go* ~ 25.2 Po 
OASP 0 - 270 " — 21.8 Po 


e = 3o.o‘ 

OASP # _ 180 * = 24.5 Pa 
OASP 0 = 270 * = 20.0 Pa 


0 = 37.5' 

0ASP # -|90* = 20.0 Po 
OASP #-270*= >6.1 Pa 


e - 45.0° 

OASP 18 Q. = 16.3 Pa 
OASP^_270* ** 12.3 Pa 


0 = 52.5" 

OASP^tgo* = 13.6 Pa 
OASP ^m 27 o* — 9.9 Pa 


0 = 60.0' 

OASP # . lao . = 9.6 Pa 
OASP 0 * 270 * = 7.5 Po 


fl = 67.5' 

OASP # . 180 * = 8.5 Pa 
OASP 0*270* = 7-2 Pa 


B = 75.0' 

OASP 0 _ )8o . = 7.4 Pa 
OASP 0 * 270 * “ 6.1 Pa 
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6 = 82.5' 
OASP0* )ao * 

°ASP0=27o* 


e = 90.0* 
OASP0*tao* 
OASP 0 * 27o * 


0 - 97.5' 
OASP 0 -iao* = 
OASP 0 * 270 * = 


0 * 105.0' 

OASp0_i3o* = 

OASP 0*270* » 


0 = 112.5“ 

OASP 0-1 BO* = 

OASP0*27D* = 


B = 120.0' 
OASP 0 . lao * - 
OASP 0*270* “ 


8 = 127.5* 
OASP 0 *! go* = 
OASP 0*270* = 


0 = 135.0' 
OASP 0 * iao . = 
OASP 0*270* = 


(f) Pel Pa = 100. 
Figure 9. Continued. 
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10 20 30 40 


OASP 0*1 ao* =31.3 Pa 
OAS p ^-270* = 29.5 Po 



10 20 30 40 


OASP go* = 17.3 Pa 
OASP # _27 o* = 10.9 Pa 



OASP 0 * 150 * = 30.2 Pa 
OASPg — 270* — 26.1 Pa 


10 20 30 40 



P^» 180 * = 15.2 Po 
p 4-270* = ’2.1 Po 


10 20 30 40 



B = 37.5' 

OASPg, )ao . - 27.1 Pa 
OASP^ m 27 Q* = 21.5 Po 


10 20 30 40 



OASPg.,80* = 14.1 Po 
OASP g m 270* =* 12.2 Po 


10 20 30 40 



e = 45.0° 

OASP 50 • = 23.1 Pa 
OASP 0 « 27 o* = 16.5 Po 


10 20 30 40 



e = 105.0° 

OASP 0 *i 8 o* = 12.9 Pa 
OASP0*27O* = 1 1 .2 Pa 


10 20 30 40 



10 20 30 40 


Of 


e = 52.5° 

OASp 0 . tao . = 21.3 Pa 
OASP 0*270* ' 13.8 Pa 


e = 6o.o° 

OASP 0 -^.igo* = 15.8 Po 
OASP0*27O* = 10.9 Po 


Of 


10 20 30 40 


90 * 75 * 


10 20 30 40 



B = 112.5° 
OASP 0 * 1BO * — 12.2 Pa 
OASP0.27O* = 11.2 Pa 


g - 120.0° 

OASP 0 . 18q . = 14.3 Po 
OASP 0 . 27 O* = 12.0 Po 


10 20 30 40 



10 20 30 40 


or 


10 20 30 40 
OASP, Pascals 


6 = 67.5° 

0AS P 0 -. i bo* = 13.7 Po 
OASP 0 * 270 * = 10.4 Po 


8 = 75.0° 

OASP 0*1 go* " 13.5 Pa 
OASP 0 * 270 * = 9.4 Po 



10 20 30 40 


90 * 75 * 


Of 


10 20 30 40 
OASP, Pascals 


fl = 127.5° 

OASP 0 -) 8 O* = 15.4 Pa 
OASP 0 = 2 7 O* = 1 1.8 Po 


6 = 135.0° 

OASP 0 *i go* = 18.3 Po 
OASP0-27O* = 10-8 Pa 


(g) Pe/Pa = 1-10. 
Figure 9. Continued. 
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OASP, Pascals 


8 = 22.5° 

OASPf-iao* = 43.8 Po 
OASP^ = 270* “ 42.2 Po 


e = 30.0- 

OASP # . 1ao . = 41.7 Po 
O^SP 4-270* = 40.5 Po 


8 = 37.5° 

OASP^_|go* = 34.5 Pa 
OASP # - 2 7 o* = 32.3 Pa 


8 = 45.0° 

0 A SP 4 - ,ao* = 30.8 Pa 
OASP 4 - 2 /o* •• 25.5 Pa 


B = 52.5° 

°ASP 4 - iso* = 26.5 Pa 
OASP 4 . 270 * = 19-7 Pa 


B = 60.0“ 

OASP4_,8o* = 219 Po 
OASP 4 , 270 * = 15.3 Po 


B = 67.5° 

OASP 4 _ 130 - 21.4 Pa 

OASP4_270* = 14.5 Pa 


$ = 75.0° 

OASP 4 _, 80 - = 25.6 Pa 
OASP 4 * 270 * = 1-5.3 Pa 



10 20 JO 40 50 
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,0 20 JO 40 50 
90* /s . 




10 20 JO 40 50 
90* 75. 




10 20 JO 40 50 
»* 75* 



10 20 JO 40 50 
OASP, Pascols 


8 = 82.5° 

OASP 4 ., bo* = 39.2 Pa 
OASP 4 , 270 * = 14.8 Po 


6 = 90.0° 

OASP 4 , 180 * = 33.8 Pa 
OASP 4 * 270 * * 14.6 Pa 


8 = 97.5“ 

OASP 4 , 180 * « 22.7 Pa 
OASP 4 , 220 * = 13.7 Pa 


8 = 105.0° 
OASP 4 „,ao* = 16.8 Pa 
OASP 4 _ 27 o* = 12.9 Pa 


8 = 112.5° 

OASP 4 , 180 * = 15.2 Pa 
OASP4,27o* = 12.4 Pa 


8 = 120 . 0 “ 

OASP 4 „iao* = 16.2 Pa 
OASP 4 , 270 * ~ 12.4 Po 


8 = 127.5° 

OASP 4 ,i 8 o* — 20.8 Pa 
OASP 4 , 270 * 12.2 Pa 


8 = 135.0° 
OASP 4 „ 8 o* = 23.2 Pa 
OASP 4 =270 * — 11.5 Po 


(h) Pe/Pa = 1-20. 


Figure 9. Continued. 
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r = 45.6 Po 
,• = 45.3 Po 
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3 f- 1 80 * * 42.4 Pa 
P^»270* ~ 16*5 Pa 



0 = 30.0° 
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OASP^»270* * 14.6 Po 
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8 = 105.0° 

°ASP # _ lao . = 18.1 Po 
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8 = 52.5* 

OASP»-il»- 

OASP^_270* 


= 29.1 Po 
= 23.4 Po 
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B = 112.5° 
OASP # , 180 . = 16.1 Po 
OASP^_270- = >2.5 Po 


10 20 30 40 50 



8 = 60.0° 
OASP^iao* - 

OASP0„27O' 


Of 


B = 1 20.0® 
0ASP^*tB0* = 18.0 Po 
OASP^»270* — 12.9 Po 


10 2010 40 50 


10 20 10 40 50 


O 


10 20 30 40 50 


8 = 67.5° 
OASP^.ibo* 
OASP #=270‘ 


= 22.7 Po 



10 20 30 40 SO 


8 = 127.5° 
OASPf=,ao* ~ 23.4 Po 
OASP*.770* = 12.8 Po 



1020 30 40 50 
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8 = 75.0° 
OASP ^180* : 
OASP # .270* : 


28.0 Po 



10 20 30 40 50 
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8 = 135.0° 

OASP^ = iao* = 29.3 Po 
OASP #m2 70* = 13-1 Po 


(i) Pel Pa = 1.25. 
Figure 9. Continued. 



90' 


75 ' 


90 ' 


75 ' 






8 = 22.5° 

OASP„_ t80 . = 58.9 Po 
OASP^.270* = 56.7 Pa 


8 = 30.0° 

OASP # _ lao . = 69.1 Po 
OASP^_270* = 56.4 Pa 


0 - 37.5° 

OASP,, lao . = 53.9 Pa 
oasp 4-270* = 49.8 Po 


8 - 45.0° 

OASP,_ I80 . = 39.5 Pa 
OASP, * 270 * ** 59.0 Po 


8 = 52.5° 

OASP,„tao» = 56.0 Po 
OASP,_ 27 o* = 52.1 Po 


fl = 60.0° 

OASP^=eiao* — 28.0 Po 
0ASP^_27 q» = 23.4 Pa 


9 = 67.5° 

OASP,_,ao* = 28.6 Pa 
0A5P ^— 270 * = 21.7 Po 


0 = 75.0° 

OASP # „ ibo . = 37.3 Pa 
OASP 0 — 270 * = 20.0 Po 




90 * 75 . 



90 * n . 




OASP. Poscols 


e = 82.5° 

O^P 9 - ISO* = 52.7 Po 
OASP 0 _ 2 ?o* = 22.0 Po 


8 = 90.0° 

0ASP,_ )bo . = 44.7 Pa 
OASP^_270° ~ 20.2 Po 


8 = 97.5° 

OASP^_i 0 ()o = 28.9 Pa 
OASP^„270* — 18.1 Po 


8 = 105.0° 

OASp 0 _iao» = 21.5 Pa 
OASP ^- 270 * 31 1 6.0 Pa 


8 = 112.5° 

OASP^_|oq» = 19.4 Po 
OASP^jo* = 1 5.0 Po 


8 = 120 . 0 ° 

OASP^-tao* = 21.2 Po 
OASP,_ 2 7 o* = 15.2 Po 


8 = 127.5° 

OASP^_igo* = 31.5 Po 
OASP^_270* ~ 15.7 Po 


8 = 135.0° 

OASP*- ISO* = 59.2 Po 
OASP, =270* - 14.9 Po 


0 ) Pe/Pa = 1-35. 


Figure 9. Continued. 
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OASP^*j{jq* = 69.5 Po 
OASP^*270 # = 60.8 Pa 



25 50 75 100 


OASP^iao* — 69.4 Pa 
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P^»» 180 * = 83.5 Pa 
P^» 270 * = 68.7 Pa 
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25 50 75 100 
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0 = 112.5° 
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OASP^_270* “ 18*5 Pa 



0 = 60.0° 

OASP \ go* = 32.7 Pa 
OASPf. 270 * = 27.6 Pa 


o 


25 50 75 100 


25 50 75 100 


9 = 120.0° 

OASP iBo* = 31.1 Po 
OASP ^ = 27 o* = 16.1 Pa 



9 = 67.5° 

OASP„_, 80 * = 32.8 Po 
0ASP^ = 27 q* — 27.5 Pa 


25 50 75 100 



6 = 127.5° 
OASP*_iao* = 43.7 Po 
OASP^. 270 " = 1 7.9 Po 


25 50 75 100 


Of 


25 SO 75 100 
OASP. Pascals 


8 = 75.0° 

OASP #= 180 * = 48.2 Pa 
OASP^— 270* = 24.5 Pa 


\ 45 ' V 

\30*\ 


25 50 75 100 
OASP. Pascals 


6 = 135.0° 
OASP # _iuo* = 55.0 Pa 
0ASP^270°= 18 9 Po 


(k) p e /pa = 1.45. 
Figure 9. Concluded. 
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0 = 97.5° 
OASP0=i8o* : 
OASP0.27O* = 


0 = 105.0* 
OASP0.18O* < 
OASP 0=270* 1 


0 = 112.5° 
OASP 0=180* : 
OASP0=27O* : 


0 = 120 . 0 * 
OASP 0=180* ' 
OASP0»27O* 


0 = 127.5° 
OASP0=iao* 
OASP0_27o* ■ 


0 = 135.0* 
OASP 0_ibo* ’ 
OASP 0=270* ; 
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1.9 Pa 


1.9 Pa 
1.8 Pa 


1.9 Po 
1.7 Pa 


1.9 Po 
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1.6 Pa 
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1.5 Po 
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1.4 Po 


(a) Pel Pa- 0.65. 

Figure 10. Directivity plots for rectangular nozzle with throat aspect ratio of 5.8. 
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OASP,_ 180 . = 6.7 Po 
0ASP^, 2 7O* = 5.3 Po 


6 = 30.0° 

OASfViao* = 7.5 Po 
OASP^_27 q» — 4.9 Pa 


9 = 37.5° 

OASP # _ lao . - 6.0 Pa 
OASP^.270* * +-3 Pa 


9 « 45.0° 

OASP 4-180* = 5.7 Pa 
OASP^.270* = 3.7 Po 


6 = 52.5° 

OASP # . )80 . = 5.3 Pa 
OASP^_270* = 3.2 Pa 


9 = 60.0° 

OASP*_ )80 . = 5.0 Pa 
OASP # _270* “ 2.8 Pa 


B = 67.5' 

OASP # . IS0 > = 4.0 Pa 
OASP^ -27 q» — 2.4 Pa 


8 = 75.0° 

OASP^.jgg. - 2.6 Pa 

OASP^» 2 70* ~ 2.3 Pa 



90 * 75 * 






OASP. Poscots 


OASP^_ 180 . 

oasp,_ 270 . 


9 = 90.0° 

OASP #-180* : 

OASP ^_ 2 70* ‘ 


8 = 97.5° 
OASP # „8o- 

oasp # . 270 . - 


6 =■ 105.0” 
°ASP 1 80* = 

OASP # _27 q* = 


B - 112.5' 

OASP ^,180* = 

OASP^_ 2 7o» = 


6 = 120 . 0 ° 
OASP^.iao* ~ 
OASP ^,270* ~ 


0 = 127.5° 
OASP *=180* = 
OASP^.270* = 


9 = 135.0° 
OASP # , 180 * = 
OASP # _270* = 
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3.4 Pa 
2.1 Pa 


4.0 Pa 
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(b) Pe/Pa = 0.70. 
Figure 10. Continued. 
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0 = 30.0" 

OASP 0 - 180 " = ’2.2 Pa 
°ASP # _ 27 o" = 12.4 Pa 


0 - 37.5" 

OASP # _,ao- = 13.7 Pa 
OASP,_ 27 d" « 12.2 Pa 


0 = 45.0° 

OASP*. !80 - = 15-5 Pa 
OASP *.270" = 9.9 P° 
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OASP*., 80" = 10.4 Po 
OASP *_ 270 " = 5.0 Pa 
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OASP*., so- = 14.3 Pa 
OASP *.270" = +.5 Po 
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OASP*., so" 
OASP *.270" 


0 = 97.5° 
OASP *.,80" 
OASP*_270" 


0 = 105.0’ 
OASP*., bo" 
OASP*_270" 


0 = 112.5’ 
OASP*., go* 
OASP*_270" 


0 = 120 . 0 ’ 
OASP*., so" 
OASP *. 2 70" 
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OASP *-270" 


(c) Pe/Pa = 0.80. 


Figure 10. Continued. 
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b 10 15 20 25 


OASP^so* = 12.6 Po 
OASP^»270* = 13.4 Po 



5 10 15 20 25 
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OASP^»270* ~ 5.8 Po 
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OASP,. 27 o* = 5.6 Po 


5 10 15 20 25 
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OASP, .270" = 3.5 Pa 


(d) Pe/Pa = 0.85. 

Figure 10. Continued. 
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OASP,., so- = 15.5 Pa 
OASP^.270* = 1 1.9 Pa 
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OASP, *270* ~ 10.9 Pa 


8 = 45.0® 

OASP, go- = 14.4 Pa 
OASP ,.270* = 9-9 Po 
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OASP, . 270 * = 7.5 Pa 


9 = 60.0” 
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(e) Pe/Pa = 0.90. 
Figure 10. Continued. 
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(f) Pe/Pa = 1.00. 
Figure 10. Continued. 
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Figure 10. Continued. 
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Figure 10. Continued. 



90* 75' 


90' 


7b' 



W* 75* 



90* 75. 



90* 7b* 




OASP, Pascals 


8 = 22.5*’ 

OASP^ao* =■ 30.2 Po 
OASP 2 70* = 32.0 Po 


8 = 30.0* 

0ASP^.|8Q- = 43.5 Po 
OASP ^^2 70* = 34.8 Pa 


8 = 37.5° 

OASP #= , go- = 36.7 Pa 
OASP # .27 o* = 37.5 Po 


8 = 45.0° 

OASP^-iaa* — 34.3 Pa 
OASP^-270* = 32.0 Pa 


9 = 52.5° 

OASP^wiao* = 32.3 Po 
OASP 8^270* = 23.7 Pa 


B = 60.0" 

OASP fwiao . = 34.0 Pa 
OASP ^,-2/o* ~ 21.4 Pa 


B = 67.5° 

OASP^iao* — 26.0 Pa 
OASP 0«27O“ — 17.4 Po 


8 = 75.0* 

OASP # . 180 . = 28.3 Pa 
OASP 2 ;o“ = 15.0 Pa 




10 20 30 40 bO 


90* 75* 







io 20 : 

OASP, Pascals 


B = 82.5* 

OASP 4=)80 . = 39.0 Pa 
OASP 0^2 7o“ = 14.0 Pa 


6 =» 90.0* 

OASP 0,, 80* = 22.4 Pa 
OASP 0-270* = 12 9 Pa 


B = 97.5* 

OASP 0-180* = 20.7 Po 
OASp0_27O* = 12.9 Pa 


8 = 105.0* 
OASP0_,ao- - 21.3 Pa 
OASP 0*270* = 13.9 Pa 


8 m 1 12.5* 
QASp0_j8o* = 19.3 Pa 
OASP0„27 o* = 11.7 Pa 


8 = 120.0* 
OASP0 = ,8o* = 26.3 Pa 
OASP0„27O* = 9-7 Pa 


8 = 127.5* 

OASP0_,8o* = 34.1 Pa 
OASP0_27O* 11 12.8 Pa 


8 = 135.0° 

OASP0,,8 o“ = 32.9 Pa 
OASP 0^2 70“ = 11.9 Pa 


(i) pe/pa = 1-25. 
Figure 10. Continued. 
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Figure 10. Continued. 
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Figure 10. Concluded. 
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(a) Pe/Pa = 0.65. 

Figure 11. Directivity plots for rectangular nozzle with throat aspect ratio of 7.6. 
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(b) Pe/Pa = 0.70. 
Figure 11. Continued. 
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Figure 11. Continued. 
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Figure 11. Continued. 
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Figure 11. Continued. 
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Figure 11. Continued. 
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Figure 11. Continued. 
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(h) Pe/Pa = 1-20. 

Figure 11. Continued. 
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Figure 11. Continued. 
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Figure 11. Continued. 
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Figure 11. Concluded. 
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